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BACKGROUND: Endometriosis, uncontrolled prolifera-
tion of ectopic and eutopic endometriotic tissues, is
common in women at reproductive age, and may
affect fertility. The role of macrophages in the
pathogenesis is well proved, but engagement of T
cells in the pathogenesis of endometriosis is a matter
of controversy
Aims: T-cell involvement in the pathogenesis of
endometriosis was the objective of our study per-
formed on women aged 24 
/46 years with diagnosed
endometriosis. All the patients that were studied
underwent diagnostic laparoscopy.
Methods: We evaluated the distribution of T-lympho-
cyte subpopulations in peripheral blood (PB), peri-
toneal fluid (PF) and in endometriotic tissues (ET), as
well as cytokines [interleukin (IL)-2, IL-4, IL-10, IL-12,
interferon (IFN)-g] production by peripheral blood
lymphocytes. IFN-g, tumor necrosis factor (TNF)-a, IL-
4 and IL-6 were investigated for their intracellular
presence. The experiments were carried out before
and after 6 months treatment with the GnRH-
Analogous Goserelin (Zeneca Pharmaceuticals). The
number of performed investigations is presented.
Statistical analysis was performed using Statistica/
Win 5.0 software and Student’s t-test, the paired
Student t-test and Fisher’s exact test when appro-
priate.
Results: We have compared the lymphocyte subset
re-distribution with regard to the American Fertility
Society (AFS) stages and scores, but no differences
were observed. The significant increase in CD4:CD8
ratio, the decrease in the number of natural killer
(NK) cells in PB and the decrease in CD4:CD8 ratio in
PF and ET of women with endometriosis was noted.
The diminished IFN-g secretion by phytohemaggluti-
nim (PHA)-stimulated lymphocytes in vitro derived
from women with endometriosis and increased IL-4
production may be responsible for defective immu-
nosurveillance against overgrowth of endometriotic
tissues. The diminished NK cells number in PB of
women with endometriosis argues for such a hypoth-
esis. The increased deposits of proinflammatory IL-6
and TNF-a in the T lymphocytes of women with
endometriosis may be related to T-regulatory lym-
phocyte function and their inability to suppress cell
proliferation in endometriosis. GnRH-Analogous Go-
serelin treatment normalises cytokine production
and induces patient recovery.
Conclusions: The significant functional and pheno-
typic differences between the lymphocytes from
healthy women and women with endometriosis were
noted. The diminished IFN-g production in relation to
decreased NK cells number and the increased IL-4
production before the treatment and normalisation
after the treatment suggest the involvement of the
deregulated T-cell system in the growth stimulation
and recruitment of endometriotic cells. The increased
CD4:CD8 ratio, IL-6, TNF-a deposits and diminished
anti-inflammatory IL-10 production by lymphocytes
may participate in the pathogenesis of endometrio-
sis, and may secondarily affect the monocyte/macro-
phage function.
Key words: Endometriosis, T-regulatory cells, Diminished
IFN-g production, NK cells, Increased IL-4 production
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131Introduction
Ectopic growth of human endometrial cells is a
common gynecological pathology associated with
high recurrence rate and infertility. The precise
mechanism of proliferation of endometrial cells is
not clearly understood. Autocrine regulation of cell
growth is proposed as a key factor of implantation
and proliferation in endometriosis. RANTES (regu-
lated on activation ectopic normal T cells expressed
and secreted) mRNA chemokine expression was
demonstrated in the normal endometrium and en-
dometriotic implants stimulated with proinflamma-
tory cytokines.
1 Chemokine-activated regulatory CD4
cells suppress the proliferation and function of CD8
cells, which are particularly good interferon (IFN)-g
producers.
2 Proinflammatory chemokine production
in turn stimulates the entry of macrophages into the
endometriotic tissue.
1 Proinflammatory cytokines
such as tumor necrosis factor (TNF)-a, interleukin
(IL)-1, IL-4 and IFN-g induce RANTES production by
cultured human endometrium.
3 IFN-g synergistically
enhances the TNF-a-induced RANTES expression,
which is inhibited by IL-4. IL-12 induces proliferation
and cytotoxicity of T cells and natural killer (NK)
cells. IL-12 was not detected in human peritoneal
fluid of women with and without endometriosis or in
the supernatants of endometrial cell cultures.
4 PHA-
stimulated production of IL-12 by respective cells has
not been analysed until now.
The T-cell subset re-distribution depends on che-
mokine and cytokine autocrine function, and prob-
ably does not correlates with endometriosis clinical
symptoms. The contribution of IL-4 secreting T
helper type (Th) 2 cells and diminished immunor-
egulatory IFN-g production together with decreased
NK cells number may take part in the pathogenesis of
endometriosis. The data in the present paper support
the hypothesis that defective T-cell and NK-cell
immunosurveillance against ectopic or eutopic over-
growth of endometriotic tissues is involved in the
pathogenesis of this disease.
Materials and methods
Subjects
The investigations of T-lymphocyte subset re-distri-
bution were performed on 60 women aged between
24 and 46 years who complained of pelvic pain,
dysmenorrhea and infertility. None of the patients
that were studied had received any hormonal treat-
ment in the previous 3 months. Endometriosis was
diagnosed in women undergoing diagnostic laparo-
scopy, which was performed in the follicular phase of
the menstrual cycle and classified according to the
revised American Fertility Society classification.
5
During the laparoscopy, women with endometriotic
cysts had the cysts opened and drained. Material from
the cyst walls was submitted for histopathological
and immunological investigations. Punch biopsy
specimens from peritoneal lesions (2 /3 mm and
more in diameter) were submitted to similar investi-
gations. Peritoneal fluid was aspired from the Dou-
glas pouch of women with endometriosis into sterile
heparinised tubes immediately after insertion of the
trocar, and transferred to the laboratory and pro-
cessed within 30 /45 min. Samples of the peripheral
blood and aspirates from the peritoneal cavity were
submitted to cytometric analysis using the Becton
Dickinson Simulset
TM (Becton Dickinson, San Jose,
CA, USA) IMK-Lymphocyte reagent kit for enumerat-
ing T lymphocytes (CD3, CD4, CD8, CD4:CD8 ratio)
and B lymphocytes (CD19). After laparoscopic con-
firmation of endometriosis, women were submitted
to treatment with GnRH-Analogous Goserelin (Ze-
neca Pharmaceuticals) for 6 months. The diagnostic
laparoscopy was repeated in those patients only who
accepted the proposition. Peripheral blood samples
were taken from the study group for the purpose of
assessing T-cell subpopulations and cytokine produc-
tion by these lymphocytes. Endometriotic tissues
from the chocolate cyst walls or the material from
the peritoneal lesions were mechanically disrupted
using Medimachine (Consul 15) equipped with 50
mm filters. Single cell suspensions 2 /10
6 were
washed twice with phosphate-buffered saline, and
submitted to Simulset IMK-Lymphocyte reagent la-
beling and cytometric analysis of lymphocyte subsets.
The dead cell contamination was evaluated using the
Trypan Blue exclusion method and never exceeded
3 /4%. Thirty women without any evidence of
endometriosis who underwent laparoscopic investi-
gation because of infertility, chronic pelvic pain, or
functional cysts of the ovary served as the control
group.
The whole study was performed with the permis-
sion of the Institute Ethics Committee.
Cytokine evaluation
Lymphocytes were isolated on a Gradisol gradient,
washed and cultured (1 /10
6/ml) in a CO2 incubator
in 0.2 Nunc plates in RPMI medium supplemented
with 10% fetal calf serum (Hungarpol), glutamine,
and antibiotics. PHA (5 mg/ml; Sigma) was used as a
stimulant and, after 72 h culture (1 /10
6 cells/ml),
the cultures were terminated and the super-
natants stored at   /728C for IL evaluation. Due to
technical reasons (resignations, refusal of blood
collection, not completed treatment) some were
excluded; consequently, cytokine evaluations were
performed in randomly chosen patients. Measure-
ments of IFN-g, IL-2, IL-4, IL-10 and IL-12 cytokines
production were performed using enzyme-linked
K. Szyllo et al.
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manufacturer’s instructions. Intracellular staining
(ICS) of the whole blood cells for the intracellular
presence of IFN-g, TNF-a, IL-4 and IL-6 molecules
was performed according to the producer’s instruc-
tion. One milliliter of whole blood was diluted 1:1
with RPMI; diluted blood sample cells were stimu-
lated with Phorbol Myristate Acetate (PMA) (Sigma,
Saint Louis, MO, USA) (50 mg/ml) or ionomycin (100
mM final concentration) in the presence of brefeldin
(protein transport inhibitor) at a concentration of 10
mg/ml. Stimulated cells were incubated in CO2
incubator for 6 h stained with fluorochrome-conju-
gated antibody specific for the desired antigen. The
analysed cells were fixed with CellFix and submitted
to cytometric analyses using Becton Dickinson FACS-
Calibur. A minimum of 10,000 leukocytes were gated
and analysed with CELL Quest software (Becton
Dickinson). The results were presented as a percen-
tage of cells with a specific response. The variable
number of analysed patients is presented in the
respective tables.
Statistics
Statistica/Win 5.0 software was used for all the
calculations and statistical analyses. The data are
expressed as mean9 /SEM. Statistical analysis regard-
ing the differences between means was carried out
by the Student’s t-test, the paired Student t-test or the
Fisher exact test. The differences in cytokine produc-
tion were analysed using both Student’s paired t-test
and Fisher’s exact test. p 5/0.05 was considered to
represent a significant difference between analysed
data.
Results
The cytokine evaluations were performed in ran-
domly chosen patients who readily consented to
repeat the examinations having shown considerable
improvement after the treatment with GnRH-Analo-
gous Goserelin. IFN-g production by isolated lym-
phocytes after T-cell mitogen PHA stimulation was
diminished in women with endometriosis before the
treatment. This production increased after the treat-
ment but was lower as compared with the control
group (Table 1). IL-4 production was significantly
augmented after PHA stimulation of lymphocytes
from women with endometriosis before the treat-
ment. IL-4 production by lymphocytes derived from
women with endometriosis after treatment with the
GnRH-Analogous Gorserelin was nearly normal after
PHA stimulation and decreased after Concanavalin A
(ConA) (Sigma, Saint Louis, MO, USA) stimulation as
compared with the appropriate control group. Pro-
T
a
b
l
e
1
.
T
h
e
p
r
o
d
u
c
t
i
o
n
o
f
c
y
t
o
k
i
n
e
s
i n
v i t r o
b
y
n
o
n
-
s
t
i
m
u
l
a
t
e
d
a
n
d
s
t
i
m
u
l
a
t
e
d
l
y
m
p
h
o
c
y
t
e
s
I
L
-
2
I
F
N
-
g
I
L
-
4
I
L
-
1
0
I
L
-
1
2
C
o
n
t
r
o
l
P
H
A
C
o
n
t
r
o
l
P
H
A
C
o
n
t
r
o
l
P
H
A
C
o
n
A
C
o
n
t
r
o
l
P
H
A
C
o
n
t
r
o
l
P
H
A
C
o
n
t
r
o
l
g
r
o
u
p
( n  
/
1
2
)
0
.
0
2
.
8
9
/
1
.
2
8
1
3
0
.
1
9
/
7
4
.
6
3
7
6
3
8
.
5
9
/
2
9
1
0
.
1
7
0
.
0
3
.
8
9
/
1
.
7
6
5
5
.
9
9
/
1
3
.
2
5
1
1
3
.
0
9
/
5
9
.
9
7
5
1
2
.
0
9
/
1
3
6
.
2
5
2
0
7
.
9
9
/
1
8
3
.
8
5
6
6
0
.
5
9
/
3
4
5
.
6
5
E
n
d
o
m
e
t
r
i
o
s
i
s
b
e
f
o
r
e
t
r
e
a
t
m
e
n
t
( n  
/
1
3
)
0
.
0
8
.
3
9
/
7
.
1
3
1
0
8
.
7
9
/
7
2
.
8
4
2
2
7
3
.
1
9
/
7
7
4
.
1
2
*
*
0
.
0
8
.
9
9
/
3
.
4
1
*
*
5
2
.
2
9
/
1
2
.
5
5
5
2
.
5
9
/
1
9
.
9
6
5
3
6
.
9
9
/
1
1
2
.
7
5
3
4
3
.
8
9
/
2
0
1
.
4
8
4
8
6
.
2
9
/
2
6
9
.
0
0
E
n
d
o
m
e
t
r
i
o
s
i
s
a
f
t
e
r
t
r
e
a
t
m
e
n
t
( n  
/
1
2
)
0
.
0
1
0
.
5
9
/
5
.
7
9
1
1
4
.
0
9
/
7
9
.
5
1
5
6
0
1
.
6
9
/
1
8
0
3
.
1
2
*
0
.
0
7
.
8
9
/
3
.
6
2
3
3
.
6
9
/
2
3
.
5
9
*
2
9
.
9
2
9
/
1
6
.
9
0
4
9
4
.
0
9
/
1
4
9
.
5
3
6
8
.
5
0
9
/
4
0
.
5
0
0
4
6
9
.
1
9
/
1
5
2
.
2
5
D
a
t
a
p
r
e
s
e
n
t
e
d
a
s
m
e
a
n
9
/
S
E
M
.
*
p
B
/
0
.
0
5
a
s
c
o
m
p
a
r
i
n
g
b
e
f
o
r
e
w
i
t
h
a
f
t
e
r
t
r
e
a
t
m
e
n
t
.
*
*
p
B
/
0
.
0
5
a
s
c
o
m
p
a
r
e
d
w
i
t
h
c
o
n
t
r
o
l
g
r
o
u
p
.
C
o
n
A
,
C
o
n
c
a
n
a
v
a
l
i
n
A
.
T lymphocytes and endometriosis
Mediators of Inflammation Vol 12  2003 133duction of IL-2, IL-10 and IL-12 by PHA-stimulated
lymphocytes did not differ statistically in all examined
groups because of a relatively large scatter. The ICS
method provides quantitative, functional and pheno-
typic assessment of T cells responsible for cytokine
production. We originally proved the increase in T
cells with IL-6 and TNF-a deposits and the decrease
of those with IFN-g deposits in the course of
endometriosis disease. Both methods used for cyto-
kine production analysis pointed out that T cells play
a critical role in the control of inflammation and
endometriosis development. The presented results
have directly proved that the cell stimulators, both
immune and bacterial in origin, may be responsible
for the autocrine induction of proinflammatory TNF-a
production and growth factors release by T cells. The
T-cell number with IFN-g, IL-4, IL-6 and TNF-a
intracellular deposits are presented in Table 2.
Lymphocytes from patients with endometriosis pro-
duced significantly more IL-6 and TNF-a; surprisingly
there were no differences in IL-4 and IFN-g produc-
tion evaluated using the ICS method.
These results originally prove that analysed inflam-
matory cytokines may be produced by T lympho-
cytes. Peritoneal or peripheral blood macrophages
stimulated by lipopolysaccharide, which are investi-
gated in the majority of presented papers,
2 4 are
involved in the pathogenesis of endometriosis, but
activated T cells undoubtedly accompany macro-
phages. Examples of cytometric analyses of intracel-
lular cytokine deposit are presented in Figs. 1 and 2.
The data presented prove a critical role of T-cell
subset distribution in peripheral blood, peritoneal
fluid and endometrial tissues, which are shown in
Table 3. We have compared the T-cell subset
distribution and some cytokine levels with regards
to AFS stages and scores but no differences were
observed. The significant increase in CD4:CD8 ratio
was noted in peripheral blood of women at all stages
of endometriosis, and it was independent of disease
progression and varied form 1.28 in the control group
to 2.0 (Fig. 3). The decrease in CD3/CD8, CD19 and
NK cell percentages was observed in peripheral
blood of women with endometriosis (Fig. 3). The
diminished percentages in CD3, CD3/CD8 cells and
CD4:CD8 ratio directly proved the autocrine and
regulatory function of T cells in endometriotic tissues.
No correlation was found between cytokine produc-
tion, lymphocyte subset distribution and the clinical
stage of the disease (not shown) or the clinical status
of the patient.
Discussion
Endometrial tissues and tissues desquamated during
the menstrual bleeding can implant and develop
ectopic lesions in 2 /5% of women.
1,2 Deficient local
natural immunity against retrograde endometrium
inoculation, an imbalance in cytokine production,
defective T-cell IFN-g production, and a diminished
number of NK cells may be the reasons for local
proliferation of ectopic endometrial tissue.
1,5
The peritoneal fluid from women with endome-
triosis contains mainly activated macrophages ana-
lysed by a majority of authors involved in the
Table 2. The peripheral blood T-cell percentages expressing intracellular deposits of IFN-g, IL-4, IL-6 and TNF-a
Groups IFN-g IL-4 IL-6 TNF-a
Control (n /14) 27.99 /8.3 1.699 /0.84 1.09 /1.03 25.19 /7.43
Endometriosis (n /14) 25.79 /12.0 2.239 /1.18 2.09 /1.90* 33.49 /14.11*
Data presented as mean9 /SD.
* p5/0.05 as compared with control group.
FIG. 1. Representative dot-plots obtained from analysis of
intracellular deposits of IFN-g, IL-4, TNF-a and IL-6 in
stimulated peripheral blood cells of healthy women (control)
and women with endometriosis. The decreased expression
of IFN-g and increased expression of TNF-a was observed in
peripheral blood cells of women with endometriosis.
K. Szyllo et al.
134 Mediators of Inflammation Vol 12  2003FIG. 2. Distribution of CD19, CD3, CD4, CD8 and NK cells among peripheral blood, peritoneal ﬂuid and endometric tissue of
women with endometriosis. A representative example of one patient investigation is presented. The diminished number of
NK cells in peritoneal ﬂuid and endometric tissue was noted.
Table 3. Distribution of lymphocyte subpopulations in women with endometriosis
Lymphocyte source CD3 CD3/CD4 CD3/CD8 CD4:CD8 CD19 NK
Peripheral blood of healthy women
(n /30)
69.39 /6.40 45.89 /7.30 34.29 /5.71 1.389 /0.350 12.99 /3.84 18.09 /6.00
Peripheral blood of women with en-
dometriosis (n /60)
71.39 /7.50 45.19 /8.19 28.09 /5.74* 1.819 /0.701* 11.99 /4.05* 16.59 /5.84*
Peritoneal fluid from women with
endometriosis (n /22)
72,69 /12,48** 23.19 /8.47** 49.99 /11.65** 0.509 /0.290** 2.69 /2.97** 14.39 /8.41
Endometriotic tissues (n /12) 37.89 /30.03
$ 22.79 /19.74 21.69 /16.62
$ 1.089 /0.339
$ 2.49 /2.21 12.99 /10.01
Data presented as mean9 /SD.
* pB/0.05 as compared with healthy women.
** pB/0.05 as compared with peripheral blood of women with endometriosis.
$ pB/0.05 as compared with peritoneal fluid of women with endometriosis.
T lymphocytes and endometriosis
Mediators of Inflammation Vol 12  2003 135problem. Secretary products of these cells activate
fibroblasts present in the peritoneal wall in an
autocrine way and lead to a rapid production of
interleukins (IL-6, IL-8).
6 Fibroblast can also regulate
the Th1 /Th2 polarisation in the inflamed tissue.
6,7
We have observed diminished IFN-g production by
peripheral blood T lymphocytes stimulated with
PHA, which may account for ectopic proliferation
of endometrial cells. Diminution in IFN production in
women with endometriosis, also confirmed by other
authors on the macrophage,
8 may be responsible for
diminished NK cell activity,
9 T-cell proliferation
10 and
diminished number of NK cells both in peripheral
blood, peritoneal fluid and ectopic endometriotic
tissues.
11 Surprisingly, the intracellular level of IFN-g
was not diminished in peripheral blood lymphocytes,
contrary to the diminished PHA-induced IFN-g pro-
duction by T cells, which was nearly normalised after
the treatment of endometriosis.
The increase in the intracellular level of TNF-a and
enhanced capacity of IFN-g production may be
synergistically responsible for endometrial cell stimu-
lation to produce growth mediator.
3 The increased IL-
4 secretion by lymphocytes from patients with
endometriosis was noted after PHA stimulation
only. Hsu et al.
12 also observed enhanced IL-4
expression in patients with endometriosis. IL-4 in-
hibits the IL-2-dependent activation of T cells and
generation of lymphokine-activated killer cells, as
well as simultaneously opposing the effects of IFN-g
on human monocyte apoptosis.
13 In patients with
endometriosis, lymphocyte-mediated cytotoxicity
plays a major role in the clearance of ectopic
endometrial cells.
14 The diminished activity of cyto-
toxic cells induced by enhanced production of IL-4
combined with insufficient IFN-g production may
result in the pathological growth of endometrial cells
in the peritoneal cavity and the development of
endometriosis. The increased number of cells with
proinflammatory cytokine deposits (IL-6 and TNF-a)
suggests that endometriosis may be a chronic inflam-
matory disease like rheumatoid arthritis, but the
rheumatoid disease is characterised by a deficit in
IL-4 production.
15 Thus, the elevated secretion of IL-4
FIG. 3. Distribution of CD4:CD8 index (A) and NK cell percentages (B) in women with endometriosis (60) and in healthy
volunteers (30). The number of performed investigations is presented in parentheses. Mean9 /standard deviation.
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existence of autoregulatory reactions toward preven-
tion of further adhesion and disease progress.
IFN-g triggers the adaptive T-cell-mediated immu-
nity, activation of cytotoxic T cells and constitutes a
critical link between innate and acquired immunity.
16
The normalisation of IFN-g production after treat-
ment of endometriosis with GnRH-Analogous Goser-
elin proves the direct stimulatory effect on T
lymphocytes resulting from the depression of estra-
diol,
17 and supports the hypothesis of the crucial role
of this cytokine in the development of endometriosis.
Natural cytotoxic cells in women with endometriosis
express killer inhibitory receptors that recognise
major histocompatibility complex class I antigens
on target cells and signal inhibition of cytotoxicity
against the K562 target cell line.
18
IFN-g exerts an autocrine stimulatory effect on
lymphocytes and granulocytes, and is responsible for
granulocyte priming observed during pregnancy.
19
Diminished IFN-g production by lymphocytes ob-
served in women with endometriosis may be crucial
for the disease exacerbation as it was observed, for
example in the course of rheumatoid arthritis in
pregnant women expressing low IFN-g levels.
19
Lymphocyte subpopulations in women with en-
dometriosis have been analysed by many authors for
the past 20 years and different results were obtained
both in peripheral blood, peritoneal fluid and in
endometriotic cells.
20,21 The increase in CD4 helper
cell number and the decrease in CD8 suppressors in
about 50% of the patients studied was observed in
our study; others did not observe any significant
changes. We performed the investigations both in
peripheral blood, endometriotic tissues and perito-
neal fluid in a relatively big group of patients at
different stages of the disease. Such a complex study
had not been carried out until now. Changes in the T-
cell subpopulations, which were observed in women
with endometriosis, did not correlate with cytokine
production by the lymphocytes and the disease stage.
The obtained results provide evidence for the shift
in the balance of PHA-activated Th1/Th2 cytokine
secretion toward the Th2 arm, which resulted in
diminished IFN-g production and increased IL-4
production. It was proved that low level of IFN-g is
responsible for tumor cell implantation and natural
surveillance against cancer.
22 The same processes
may decide on the retrograde endometriotic cell
implantation and endometriosis development. The
significant increase of lymphocytes with intracellular
deposits of IL-6 and TNF-a may suggest the presence
of immune reactions as we observed in predia-
betics.
23 The non-significantly diminished production
of IL-10 is contrary to that observed in autoimmune
prediabetics both by lymphocytes and neutrophils.
24
The diminished IL-10 production may favor the
autoreactive cell function, neutrophil apoptosis and
inflammatory reactions.
24 With regards to a potential
role for cytokine-independent mechanisms for reg-
ulatory T-cell function,
2 we provide the new data
concerning the role of regulatory T cells with the
increased number of CD4 and T-cell-expressing
intracellular deposits of IL-6 and TNF-g in the
pathogenesis of endometriosis. Secreted TNF-a may
be directly responsible for stimulation of ectopic
endometrial cell proliferation and local inflammation.
The presented paper points out the crucial role of
regulatory T cells in the pathogenesis of endome-
triosis.
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